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11. Page 14, Section 3.4, GroUDdwata~ Fl~ Direction. 

The last sentence of this section makes an unnecessary and 
unsubstantiated (based on gradients) assertion and should be 
removed. If an argurnent is to be made regarding significant 
flow directions; more information would need to be included 
in the argwnent. 

We feel the concept stated by this last sentence is necessary to a l!omplere discussion of 
the p·oundwater Row system in the low~r aquifer. ThE: text has been expanded to 
provide the additional substantiation required by U.S. EPA. 

Both the bori..zontal gradients and the vertical gradients are calculatOO by dividing the 
difference in water level by the distance between the points of measurement. In botb 
cases the water levels were measured in wells (or piezometus located in generally the 
same vicinity, but s~.reened at different depths). In the case of the horizontal 
gradients, the distance between tlb.e twO; measurements was tbe horizontal distance 
between the two wells. In the case of vertical gradients \\ithin the same aquifer, the 
distance was measured between the ceD,ters of the wells screens, and in the case of 
vertical gradients calculated across the clay comming layer, the distance was 
measured as the total thickness of the cJay confining layer. 

The water elevation is calculated from.two measurements, each measured to the 
nearest 0.01 foot. The first measurement is the top of casing elevation, which is 
established to Site datum by survey. Tl;le second measurement is the measured depth 
to the water below the top of casing. If it is a.lisumed that each of these measurements 
is accurate to within one· half of the smallest unit of measurement, it is evident the 
margin of error for any groundwater elevation calculated for the Site is 0.01 foot. 

U a water level difference is measured ~o be 0.01, it is within tbe margin of potential 
error and therefore it must be regarded as indistinguishable from .zero (0.0). This fact 
can be used to calculate the smaiHest quantifiable gradient between any two 
measurement points. · 

For example, a horizontal gradient is calculated for the lower aquifer between M'\V2Z 
and MWlO. The gradient is &~alcuJated: by dividing the difference in groundwater 
elevation between the two locations, by'the distanc.e between the two wells. Tbtl result 
oftbis calculation is presented in Sectiqn 3.4 of the Lower Aquifer Technical 
Memorandum and indicates a horizontal gradient across the Site of 0.00047. To 
calculate what the lowest quantifiable )lorizontal gradient is, one takes the lowest 
quantifl.able groundwater elevation diffe1·enc:e (0.01) and divides it by the distance 
between the two wells. This calculation (0.01 ft I 2,850 ft) indicates that a horizontal 
gradient of 0.00000.35 would be indistinguishable from a gradient of zero~ for this 
setting. 
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The lowest quantifiable vertical gradient can similarly be calt\llated for each well nest 
location. From Table 6, we find that the well screen separation distartces vary 
between 14 feet and 33 feet. The following tabulation shows that the lowest 
quantifiable nrtical gradient in the lower a.quifer with r.be existing well nests ranges 
between 0,0007 and 0.0003. 

Pota:ntial Error 
0.01 ft 
o.o1 n 

Screen Separution 
14 ft 
33 i't 

Lowt:st Quantifiable . 
Gradient 
0.00071 
0.00030 

Table 6 shows the calc:ula.tion of IS vertical gradients. Nine of them are within the 
range between 0.0003 and 0.00~>7. Therefore, 60 percent of the vertical gradients are 
in essence, .indistinguishable !rom zero. Nine of the calculated gradients have 
negative values, indicating a downward direction and t"h·e h.a~e positive values, 
indicating an upward di.rection. Gh·en the fact that calculated gradients are both 
vertical and horizoutalt and that a majority of calcuJnted gradients are 
indistinguishable from ~ro; '"lt is reasonable to conclude that the primary moti'vc 
for[e acting on groundwater is horizontal, with smalllocaUy controlled vertical 
components.'' 
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MW8 
MW31 
MW32 
MW9 

MW29· 575.9 
S42.8 
.598.0 

MW30 575.0 
.546.0 
518.1 
563.5 

~ 
(-) = DownWJrd Vertical Gradienl 
(+)=Upward Vertical Gradicm 

Table 6 
Vertical Gradteat CatcuJations 
Lower Aquifer Investigation 

A111criean Chi!mlcaJ Serrice, Inc. 
Grtmtb, IDdiana 

622.37 

621.98 
621.96 

622.29 
622.26 

621.15 

6'12.97 
622.9.5 

622.99 
NA 

Water LeYda Col1r.dOO by Montgomery Wauon on March 15. 1996 
NA =Not Applicable. Water devatlons for the City ofGrtffllb LaRdrut well M-4 were not available. 

-0.002 
-0.0004 -0.0009 

-0.0008 
0.0007 0.0000 

-0.001 
0.0006 -0.0002 

-0.005 
0.0007 -0.002 

..0.001 
0.003 0.0006 

NA 
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